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Y = max(SN,i+SP,i), with SN,i the sensitivity and SP,i the 
specificity of the decision-making based on possible 
thresholds Si. The potential of rendering DIBH decision-
making independent of the individual field setup was 
explored. The mean medial field setup was calculated and 
the measurements of S were repeated, yielding SMean per 
patient. These SMeans were then used to calculate SN and SP of 
decision-making based on SThreshold as surrogate for MHD = 3.5 
Gy. 
 
 
Results: MHWBreast, MHLBreast, MHWHeart and MHLHeart all yielded 
a positive linear correlation with the MHD: r = 0.73, r = 0.77, 
r = 0.91, r = 0.80, respectively (r = Pearson’s linear 
correlation coefficient). MHWHeart was retained as MHD 
surrogate. MHWHeart = 1.5 cm was found to be the most 
optimal threshold to identify patients with MHD > 3.5 Gy (Y = 
1.705). These results lead to the development of the DIBH 
decision-making procedure: 1) single CT-slice acquisition 
(Figure (b)), 2) projection of the mean medial field setup, 3) 
MHW measurement and 4) DIBH decision-making. This 
procedure was found to have a sensitivity of 87.5% and a 
specificity of 90.9%. Patients stratified to FB-WBRT (10/30) 
had a clinically acceptable average MHD: 2.8 ± 1.4 Gy (range: 
1.0-5.3 Gy). Patients stratified to DIBH-WBRT (20/30) had 
significantly higher average MHD during FB-WBRT: 6.5 ± 2.6 
Gy (range: 2.9-11.1 Gy) (p < 0.001, t-test), indeed needing 
MHD reduction. 
Conclusions: DIBH decision-making based on single CT-slice 
acquisition is feasible in left-sided WBRT. It is followed by 
the acquisition of 1 CT-scan, during FB or DIBH. The proposed 
procedure therefore halves the workload of DIBH decision-
making during treatment planning.  
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Purpose/Objective: Irregular breathing motion has a 
deleterious effect on thoracic and abdominal four-
dimensional computed tomography (4DCT) image quality. The 
breathing training system: audiovisual biofeedback (AVB) has 
demonstrated to significantly improve the regularity of 
breathing motion. The purpose of this study was to 
investigate the impact of AVB on thoracic 4DCT image quality 
utilizing the digital eXtended Cardiac Torso (XCAT) phantom 
driven by lung tumor motion patterns. 
Materials and Methods: 3D tumor motion patterns from 7 
lung cancer patients were synchronized with the XCAT 
phantom to simulate cine-mode 4DCT acquisitions with a 
patient-specific couch-shift frequency. Tumor motion data 
was obtained from high-frequency MRI scans under two 
breathing conditions (1) without training (free breathing), 
and (2) with training (AVB); this MRI study found that AVB 
significantly improved the tumor motion's regularity by 36% 
(motion regularity quantified by the root mean square error 
(RMSE) in displacement). In this current study, image quality 
was quantified as the comparison between simulated and 
ground truth images in terms of the Dice similarity 
coefficient (DSC), false-positive and false-negative rates for 
segmented lung volumes. DSC indicates the structure that is 
correctly imaged (i.e. true-positives), whereas false-positives 
and false-negatives pertain to the incidence of duplication 
and truncation artifacts, respectively. 
Results: AVB improved all 4DCT image quality metrics. For 
peak inhale AVB improved DSC, false-positive rates, and 
false-negative rates by 0.6%, 9.4%, and 13.3%, respectively. 
For peak exhale AVB improved DSC, false-positive rates, and 
false-negative rates by 0.3%, 4.1%, and 6.2%, respectively. 
Results have yet to reach statistical significance. Table 1 
gives the results for DSC, false-positives, and false-negatives. 
Figure 1 more clearly illustrates the impact on image quality 
of breathing motion regularity as well as 3D tumor motion 
range. 
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Conclusions: This was the first study to compare 4DCT image 
quality between free breathing and audiovisual biofeedback 
breathing conditions. Results demonstrated only slight 
improvements from the use of AVB; false-negatives in 4DCT 
images were most improved by AVB. Figure 1 demonstrates 
that the benefits of AVB are most apparent for large tumor 
motions, warranting further investigation to explore this 
factor of motion range vs motion regularity in more detail. 
This study is ongoing, with 7/60 lung cancer patients 
recruited thus far, so we hope to achieve significant results 
in time as these findings could have considerable implications 
for AVB as a simple method to improve the quality of 4DCT 
imaging and patient treatment planning.  
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Purpose/Objective: Bladder patients are treated with an 
empty bladder protocol to reduce the treatment volume and 
limit toxicity. Despite clear instructions before treatment, 
patients still show large inter-fraction motion due to bladder 
filling variation. This inter-fraction bladder filling variation 
can be anticipated by a library of plans. This strategy allows 
a CTV to PTV margin reduction and enables personalised 
patient treatment. In this study, a robust and straightforward 
method was developed to generate a library of CTVs, using 
delineations on full and empty bladder CTs. 
Materials and Methods: As input for the method a full and 
empty bladder CT of the patient were used. After rigid 
registration of the full to the empty bladder planning CT on 
the bony anatomy, the CTVs were delineated on both CTs. In-
house developed software was used to calculate intermediate 
CTVs based on the empty and full bladder delineations 
according to the following steps (Figure 1); (1) the centre of 
gravity (CoG) of the empty bladder was calculated, (2) for 50 
equiangular values of phi and theta the distance from the 
CoG to both the empty and the full bladder were sampled 
and stored in rectangular 'distance maps', (3) starting from 
the empty bladder distance map, a maximum of 3 
intermediate distance maps were interpolated such that the 
largest difference between subsequent maps was 10mm; (4) 
from the intermediate distance maps dots were distributed 
around the CoG and (5) the new CTV structures were 
resampled. The algorithm has been tested on six different 
patients. 
  
 
 
Results: The method is suitable for the creation of 
intermediate structures for convex and concave bladder 
volumes. Validity of the created contours was determined by 
visual checks of the responsible radiation oncologists and 
found to be in correspondence. Additionally the spacing of 
intermediates was checked and found to be 1 cm, along the 
largest straight line segment that connects the full and 
empty bladder, approximately perpendicular to the surface. 
The computation time of the algorithm is 2 seconds. Since 
the algorithm uses the same amount of measuring points and 
generates a fixed amount of intermediates, the computation 
time is patient independent.  
Conclusions: Testing of the interpolation on full and empty 
bladder volumes has shown the method to be robust and fast. 
The method has been successfully implemented in the 
clinical workflow. 
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